Mercurials may induce immune manifestations in susceptible individuals. Mercuric chloride (HgCl2) induced autoimmunity in the Brown Norway (BN) strain but an immunosuppression in the Lewis strain with, however, autoreactive anti-class II T cells present in both strains. In the present study we looked at modifications of cytokine production by PCR and cytofluorometric analyses in normal BN and Lewis rat splenocytes, cultured with or without HgCl2. Unfractionated BN rat splenocytes and purified T cells exposed to HgCl2 expressed high levels of IL-4 mRNA. Increase in class II and CD23 molecule expression on B cells was partly inhibited by anti-IL-4 mAb showing that IL-4 was produced. By contrast, no overexpression of IL-4 mRNA could be seen in Lewis rats. Although an increase in class II molecule expression was observed suggesting that other T helper cell 2 cytokines were produced, there was also a concomitant decrease in CD23 molecule expression that was abrogated after addition of an anti-IFN-gamma mAb to the culture. IFN-gamma mRNA production was induced in unfractionated spleen cells and T cells from both strains after HgCl2 exposure. Altogether these findings demonstrate that HgCl2 has very early direct effects on cytokine production and that these effects differ depending on the strain. The early effect on IL-4 production observed on BN rat spleen cells and T cells may explain that the autoreactive [ Invest. 1995Invest. . 1484Invest. -1489.
Introduction
Many chemicals may induce immune-mediated reactions in genetically susceptible individuals. Mercurials are good examples of such agents. Exposure to these compounds has indeed been associated with the occurrence of membranous nephropathy (1) or dermatitis (2) and has been considered as a possible etiologi-cal agent for the mucocutaneous lymph node syndrome or Kawasaki disease (3) , which is associated with hyper IgE production (4) . Finally, mercuric choride (HgCl2) may potentiate IgE production by human blood mononuclear cells (5) . These agents have been used to develop experimental models that mimic the human situation. In Brown Norway (BN)' rats, HgCl2 induces T-dependent B cell polyclonal activation leading to the production of antibodies against endogenous and exogenous antigens, an increase in serum IgE and IgG, levels, an autoimmune glomerulonephritis, and gut vasculitis (6) (7) (8) (9) (10) . By contrast, Lewis (LEW) rats do not develop autoimmunity upon HgCl2 exposure ( 1 1 ) but an immunosuppression ( 12) . Similar results have also been reported in mice using susceptible and resistant strains (for review see reference 13).
We previously reported that, in vivo, HgCl2 transiently increases the expression of MHC class II molecules on B cells in both BN and LEW rats but with different kinetics (14) . This increase started after the first HgCl2 injection. Similar results were recently reported in mice (15). It is well known that increase in class II molecule expression on B cells depends upon T helper cell (Th) 2 cytokines (16, 17) , and it has been shown recently that IL-4 mRNA is expressed very early after the first HgCl2 injection in the spleen and the gut of BN rats (18) . In addition, treatment of susceptible mice with an anti-IL-4 mAb abrogated the HgCl2-induced increase in serum IgE concentration (19) . These findings support a crucial role for Th2 cells in these models. In both susceptible and resistant rats, we found autoreactive T cells recognizing normal class II molecules (20, 21) . T cell lines have been recently derived from both strains after HgCl2 or gold salt injections. Those obtained from BN rats passively transfer the disease and are Th2-like or ThO since they produce IL-4 but no or small amounts of IFN-'y (22) . Those obtained from LEW rats transfer immunosuppression (21) and are Thl-like since they produce IFN-'y but no IL-4 (Pelletier, L., manuscript in preparation). It is widely accepted that the commitment of CD4+ T cells into Thl or Th2 subset depends upon the cytokines that are present in the environment of the precursor CD4 + T cell with the presence of IL-12 (23) and IFN--y (24) being essential to obtain a Thl response and IL-4 to obtain a Th2 response (25) .
In the present study we have tested in vitro whether a chemical such as HgCl2 could directly trigger naive spleen cells to produce cytokines that might influence the differentiation pathway of the HgCl2-induced autoreactive T cells. It will be shown that HgCl2 directly affects cytokine mRNA synthesis and cyto-kine production in a different way depending upon the strain. The most striking effect observed was the induction of IL-4 mRNA synthesis and IL-4 production by spleen cells and purified T cells from BN but not from LEW rats. HgCl2 exposure induced IFN-y mRNA production by spleen cells and T cells from both strains, and indirect evidence was obtained that HgCl2 induced IFN-y production by unfractionated spleen cells from LEW rats. This divergent effect of HgCl2 on cytokine production probably explains why the autoreactive anti-class II T cells found in HgCl2-injected rats have a Th2 phenotype in BN but not in LEW rats.
Methods
Animals. 6-10-wk-old male and female BN and LEW rats were obtained from Charles River Laboratories (Rouen, France). They were killed after anesthesia. Antibodies. The mouse IgG1 OX6 and OX17 mAbs that recognize, respectively, a monomorphic determinant on rat MHC RTlB and RTlD class H molecules (mouse I-A and I-E equivalent), the mouse IgG1 W3/13 mAb that recognizes a rat pan-T cell determinant, the mouse IgG2a OX34, OX35, and OX12 mAbs recognizing the rat CD2 molecules, the rat CD4 molecules, and the rat K chain, respectively, were obtained from the European Collection of Animal Cell Cultures (Salisbury, UK). These mAbs were produced in our laboratory from the corresponding hybridomas, purified by affinity chromatography on protein A-Sepharose (Sigma Chemical Co., St (16, 17, 35) . Moreover, increase in CD23 molecule expression on mouse B cells and monocytes has been shown to be IL-4 (36) and IL-13 (35) dependent but IL-10 independent. In this study, we looked at I-A and CD23 molecule expression on splenic B cells treated or not with HgCl2 in the presence or in the absence of various mAbs (anti-rat IL-4 OX81, antirat IFN-y DB-1, or the isotype-matched MOPC21 control mAb). Modification of cell-surface molecule expression was studied by measuring the mean fluorescence intensity (MFI) after labeling cells with different mAbs, as previously described (14) . The (Fig. 1) (Fig. 1) . No modification in CD2 (Fig. 1) , I-E, CD4, or class I (not shown) molecule expression on spleen cells was seen. In other experiments, it was shown that the increase in I-A molecule expression on splenic B cells, as assessed by double staining, was still observed to the same degree in both strains after removal of adherent cells (Fig. 2) strongly suggested that exposure of normal spleen cells from BN or LEW rats to nontoxic amounts of HgCl2 induced the production of various cytokines. Culture supernatants from the different experiments mentioned above were tested for their ability to increase I-A molecule expression on normal splenic B cells, an effect dependent on Th2 cytokines. No significant effect could be obtained even when undiluted supernatants were tested. Neither IL-2 nor IFNy could be detected in the supernatants. Indeed, the CTLL-2 cell line did not proliferate when cultured in the presence of the different supernatants. Addition of 2.5 U/ml of mouse recombinant IL-2 in supernatants induced CTLL-2 cells to proliferate showing that residual HgCl2 had no toxic effect on this cell line (not shown). Supernatants were also tested for the presence of IFN-y using an ELISA. This assay allows the detection of as few as 1,250 pg/ml of IFN--y. Five supernatants were tested in duplicate for each experiment. No significant IFN-y production could be detected in any supernatant.
Effect of anti-IL-4 and anti-IFN-y mAbs on HgCl2-induced increase in I-A and CD23 molecule expression. As shown in Fig. 3, 18 Fig. 1 (Fig. 3) . Effect ofHgCl2 on cytokine mRNA expression. In the previous experiments, we could not detect cytokines in culture supernatant, although, the increase in I-A and CD23 molecule expression and the influence of anticytokines mAbs strongly suggested that cytokines were indeed produced. We therefore looked at cytokine mRNA expression using semiquantitative RT-PCR. It is clear from Fig. 4 that unfractionated spleen cells from BN rats produced high amounts of IL-4 mRNA when cultured for 2 or 4 h in the presence of 5 AM HgCl2. IL-4 mRNA was barely detectable after 6 h (Fig. 4) and was undetectable after 18 h (not shown). Unfractionated spleen cells from BN rats cultured in the absence of HgCl2 expressed low levels of IL-4 mRNA after 2 h of culture and no detectable IL-4 mRNA after 4, 6, or 18 h. In striking contrast, no IL-4 mRNA could be detected when spleen cells from LEW rats were cultured for 2-18 h in the presence or in the absence of HgCl2. The semiquantitative RT-PCR was repeated on 98% purified T cells that were, as assessed by FACS® analysis, devoid of surface Ig+ and class I[+ cells. T cells from BN rats cultured for 2, 4, or 6 h in the absence of HgCl2 did not produce IL-4 mRNA while a strong message was observed after 4 h of culture in the presence of HgCl2. This message was clearly detectable as soon as the second hour and was still detectable after 6 h of culture (Fig. 5) . No IL-4 mRNA was detected either in normal or HgCl2-exposed T cells from LEW rats (Fig. 5) Figure 5 . Semiquantitative RT-PCR analysis of IL-4 mRNA expression in purified T cells-from BN and LEW rats. Procedures were the same as those described in legend for Fig. 4 .
As shown in Fig. 6 and 7 , unfractionated spleen cells and T cells from BN and LEW rats produced higher amounts of IFN-y mRNA when cultured in the presence of HgCl2 than when cultured in the absence of HgCl2. This was true at every time point tested except for LEW rat spleen cells after 2 h of culture, at which time IFN-y mRNA expression was similar whether HgCl2 was present or not.
Discussion
This study mainly shows that HgCl2, a chemical responsible for autoimmune manifestations in BN rats, induced IL-4 mRNA expression as early as 2 h after it was added to syngeneic normal spleen cells or to 98% purified T cells. IL-4 was produced later and synthetized de novo since cycloheximide had a blocking effect (38) . By contrast neither IL-4 mRNA expression nor IL-4 production was affected in the resistant LEW strain.
The increase in I-A and CD23 molecule expression was specifically and significantly reduced after addition of anti-IL-4 mAb to the culture. One may therefore conclude that, although Th2 cytokines could not be detected in the culture supernatants, HgCl2 induced IL-4 production by BN rat spleen cells. Incidentally, our study showed for the first time, using cross-reacting (44) . HgCl2 could also act on cell-surface determinant in a way similar to anti-CD3 mAb (42) or, as already suggested (13), affect membrane determinants such as adhesion molecules (45) , resulting in increased cell interactions.
Completely different results were obtained in LEW rats. Although I-A molecule expression was also increased on LEW rat B cells after culture of unfractionated spleen cells in the presence of HgCl2, there was no IL-4 mRNA production. Furthermore, the increase in I-A molecule expression was not modified by addition of anti-IL-4 mAb in the culture, suggesting that Th2 cytokines other than IL-4 (IL-10 or -13) were produced. It has been recently shown that the BN IL-4 gene has a unique CT repeat allele in the second intron which is absent in LEW rats (Kermarrec, N., manuscript in preparation). This polymorphism may explain the differential effect of HgCl2 on IL-4 mRNA expression in these strains.
Our results also showed that IFN-y mRNA expression was induced by HgCl2 in spleen cells and purified T cells from both BN and LEW rats. However, the presence of IFN-y in the supernatants could not be directly demonstrated using either a classical ELISA or, in preliminary experiments (not shown), a much more sensitive in situ ELISA recently described for mouse IL-4 (46). We obtained however indirect evidence for IFN-y production in LEW rats since the HgCl2-induced decrease in CD23 molecule expression on spleen cells was reversed by the addition of anti-rat IFN-y mAb to the culture. Others have shown that, in mice, IFN-y down-modulates CD23 molecule expression (36) . This suggests that, at least in LEW rats, IFNy is produced. This production may be transient due, for example, to unstable mRNA. The absence of IL-4 mRNA expression and of IL-4 production in this strain probably does not depend on IFN-,y production since the addition of the anti-IFN-y mAb did not affect these parameters. By contrast, no evidence for IFN-y production could be obtained either directly or indirectly in BN rats. This could be due to regulation at the posttranscriptional level (47) , the enhanced production of NO by spleen cells from HgCl2-injected BN rats which suppresses IFN-y production (48), or down-regulation by (49) .
The potential relevance of these in vitro findings to the in vivo situation may be important. IFN-y production is reduced (50) due to NO accumulation (48) in HgCl2-injected BN rats while IL-4 production is induced in HgCl2-exposed T cells from BN rats; this may explain that the autoreactive anti-class II T cells generated in this strain have a Th2 phenotype, although it cannot be ruled out that ThO cells are also present. In agreement with this, four out of the six T cell lines obtained from goldinjected BN rats had a clear Th2 phenotype, while the two others had a ThO phenotype (22) ; all the lines were able to passively transfer autoimmunity (22) . In contrast, the autoreactive anti-class II T cell lines derived from HgCl2-injected LEW rats that transfer immunosuppression (21) produce TGF-6, IFN-y, but no IL-4 (Pelletier, L., manuscript in preparation).
Reasons for the emergence of T cells with this phenotype are not yet clear, but, interestingly, spleen cells from these animals do not produce IL-4 when cultured in the presence of HgCl2.
Although much remains to be done to understand the mechanisms of action of HgCl2, it is probably important that, depending upon the strain, this chemical may or may not trigger the production of IL-4 and perhaps other cytokines that will drive the immune response in opposite directions. These findings may greatly contribute to the understanding of the mechanisms of drug-induced autoimmunity.
